Stability of H-terminated edge N
N atoms doped into the edge of graphene can exist as pyridinic-N or H-terminated N. Figure S1 shows the formation energies of H-terminated N atom for the N-GNCs. For the site 1, ∆E N−H is positive regardless of value of the chemical potential of H, that is, the pyridinic-N is more stable than the H-terminated N. On the other hand, ∆E N−H becomes a positive or negative value depending on the chemical potential of H for the site 1'. 
Free energy diagrams
Figure S3- Figure S11 shows the free energy diagrams of all models including pyridinic-N models for the 4e − and the 2e − pathways. 
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Reaction step Figure S11: Free energy diagrams of the models (6-g, and 7-g'). Left figures show the diagrams for the 4e − pathway at zero cell potential (U = 0 V), the equilibrium potential (U eq = 1.23 V), and the maximum potential (U Max ) where all reaction steps are exothermic. Right figures show the diagrams for the 2e − pathway at U = 0, U eq = 0.68, and U Max = −0.13 V.
